Time spectra of neutron and sonoluminescence emissions were measured in cavitation experiments with chilled deuterated acetone. Statistically significant neutron and gamma ray emissions were measured with a calibrated liquid-scintillation detector, and sonoluminescence emissions were measured with a photomultiplier tube. The neutron and sonoluminescence emissions were found to be time correlated over the time of significant bubble cluster dynamics. The neutron emission energy was less than 2.5 MeV and the neutron emission rate was up to ϳ4ϫ10 5 n/s. Measurements of tritium production were also performed and these data implied a neutron emission rate due to D-D fusion which agreed with what was measured. In contrast, control experiments using normal acetone did not result in statistically significant tritium activity, or neutron or gamma ray emissions.
INTRODUCTION
The intense implosive collapse of bubbles, including acoustic cavitation bubbles, can lead to extremely high compressions and temperatures, and to the generation of light flashes attributed to sonoluminescence ͑SL͒. The modeling and analyses of the basic physical phenomena associated with such a process have been discussed elsewhere ͓1͔ and the key phenomena are depicted schematically in Fig. 1 . Figure 1͑a͒ shows the start of bubble implosion, during the compression phase of the impressed acoustic pressure field, when the gas/vapor Mach number is much less than unity. As the interfacial Mach number approaches unity a compression shock wave is formed in the gas/vapor mixture and, as shown schematically in Fig. 1͑b͒ , this shock wave ͑dashed line͒ moves toward the center of the bubble and, in doing so, intensifies. Figure 1͑c͒ shows the situation just after the shock wave has bounced off itself at the center of the bubble which highly compresses and heats a small core region near the center of the bubble. At this point we normally have a SL light pulse, and if we have a suitable ͑e.g., deuterated͒ liquid in which the bubble temperatures, density and their duration are large enough, we may also have conditions suitable for nuclear emissions ͑i.e., nuclear fusion͒. Interestingly, these emissions and the pressurization process continue until a short time later when the interface comes to rest ͓see Fig.  1͑d͔͒ . Figure 1͑e͒ shows the onset of bubble expansion during the rarefaction phase of the impressed acoustic pressure field, and Fig. 1͑f͒ shows that a relatively weak shock wave is formed in the liquid surrounding the bubble during bubble expansion. As will be described later, for sufficiently violent implosions of relatively large bubbles this shock wave is normally heard by the experimenters after it reaches the wall of the test section in which the experiment is being performed. Our aim was to study the ultrahigh compression effects and temperatures in vapor bubbles nucleated in highly tensioned liquids by means of fast neutrons, whereby the bubble radius increases from an initial radius (R 0 ) of tens of nanometers to a maximum radius (R m ) in the millimeter range. This results in a related volumetric expansion ratio which is huge ͓1͔ compared to that obtainable in conventional SL experiments ͑where R m ϳ10R 0 ). Such an ap-proach, with its vastly increased energy concentration potential during implosions, gives rise to very much higher peak temperatures and densities within the imploding bubbles, possibly leading to DD fusion and detectable levels of nuclear particle emissions in suitable deuterated liquids. Indeed, we have previously presented evidence ͓1͔ for neutron emission and tritium production during cavitation experiments with chilled deuterated acetone.
Comments received ͓2-6͔ on the previously published results ͓1͔ suggested the need for improved instrumentation and data gathering; for enhancing our understanding of the timing and rates of neutron and gamma ray emission activity; for improving the efficiency for the detection of neutron emissions during bubble implosions; and for addressing the potential for significant chemical effects from cavitation in the tritium measurements. Specifically, in the data presented previously ͓1͔, time spectra were obtained only for the period corresponding to the first implosion of the nucleated bubbles. In this paper, we report results of investigations using improved and additional instrumentation. These additional data fully support our previous results and provide complementary evidence of nuclear emissions from cavitating chilled deuterated acetone that are indicative of deuterium-deuterium ͑DD͒ fusion.
EXPERIMENTAL SYSTEM
The experimental test apparatus ͓Fig. 2͑a͔͒ was kept similar to that used for the results reported previously ͓1͔. The test liquid was placed in an approximately cylindrical Pyrex glass test section and driven acoustically with a leadzirconate-titanate ͑PZT͒ piezoelectric driver ring attached to the outside surface of the test section. This induced an acoustic standing wave in the test section with a pressure antinode of amplitude ϳϮ15 bar. A new liquid scintillator ͑LS͒ detection system was set up for pulse-shape discrimination ͑PSD͒, and was used for the detection of neutron and gamma ray signals with the instrumentation shown in Fig. 2͑b͒ . As compared to the data acquisition system used earlier ͓1͔, the new system ͓7͔ includes fast multichannel scaling ͑MCS͒ capability that could be used to obtain time spectra of the neutron and SL signals over the entire time span of experimentation. A multichannel analyzer ͑MCA͒, operated in the pulse height mode, was used to obtain pulse height data with and without gating, and also for gating of gamma ray signals.
In the experimentally observed sequence of events ͓Fig. 2͑c͔͒, neutrons from a pulse neutron generator ͑PNG͒ nucleated bubbles in the tensioned liquid when the cavitation threshold was exceeded at the time of the PNG neutron burst. Thereafter, the vapor bubbles grew until increasing pressure in the liquid during the second half of the acoustic cycle caused them to collapse. If the collapse was robust enough ͑i.e., an implosion occurred͒, the bubble emitted a SL flash which was detected by a photomultiplier tube ͑PMT͒ ͓7͔. If the vapor contains sufficient deuterium ͑D͒ atoms, and the conditions are appropriate for DD fusion, nuclear particles ͑neutrons and gamma rays͒ would be emitted and seen in the response of the LS detector. Subsequent to the first implosion, the bubble cloud may undergo periodic growth and energetic collapses at the 19.3 kHz frequency of the forcing acoustic pressure field. This process is repeated until the bubbles condense, and there can be neutron and gamma ray emissions during the subsequent implosions, however, the yield can differ from that during the initial implosion. Shown in Fig. 2͑d͒ are typical photographic images of bubble clouds taken 1 ms apart in acetone at ϳ3°C. It is seen that the bubble clouds persist in the pressure antinode of the test section for ϳ5 ms prior to condensing, and reach bubble cloud sizes in the range of ϳ6 mm in diameter.
The liquid was first degassed, as reported on previously ͓1͔, by acoustically cavitating the liquid under vacuum (ϳ10 kPa) with neutrons for ϳ2 h. This process is important since gassy vapor bubbles do not exhibit the desired intense implosive collapse characteristics as clearly evidenced from shock traces measured by microphone signals. Subsequent to degassing the liquid, the PNG was operated at ϳ200 Hz ͑i.e., at a rate 100 times smaller than the acoustic driving frequency͒ during which neutrons were emitted over a time span of ϳ15 s ͓ϳ6 -7 s full width at half maximum ͑FWHM͔͒. The PNG burst was initiated when the liquid tension was greatest ͑i.e., at Ϫ15 bar). For these conditions a bubble cloud was formed and rapidly expanded. Later, when the impressed acoustic pressure increases, it imploded emitting a burst of closely spaced SL flashes over an ϳ15-20 s time interval ͑each of ϳ5 ms duration͒.
LIQUID SCINTILLATION "LS… DETECTOR CALIBRATION
Careful calibration of the response of the LS detector was conducted using gamma rays from Cs-137 and Co-60 sources, 14 MeV neutrons from a PNG, and emissions from a plutonium-beryllium ͑Pu-Be͒ isotope source. The results of these calibrations are shown in Fig. 3͑a͒ . The pulse height spectra for Cs-137 and Co-60 are also shown on a stretched scale in the lower plot; a relatively sharp Compton edge results from the monoenergetic ϳ0.67 MeV gamma ray emission from Cs-137, whereas, a somewhat broader edge results for Co-60 due to the two closely-spaced 1.17 and 1.33 MeV gamma rays. Note also that the Pu-Be source exhibited the well-known 4.4 MeV Compton edge associated with the deexcitation 12 C* gamma ray. The pulse height response of the LS detector matched the well accepted light output for EJ-301/NE-213 type detectors ͓8,9͔. The ϳ2.5 MeV proton recoil edge is known ͓10͔ to lie between the Compton edges for gamma rays from Cs-137 and Co-60. Moreover, the ratio of light output for 14 MeV neutrons to that for 2.5 MeV neutrons was found to be ϳ11.7 as expected ͓10͔. Using a Pu-Be source with a known neutron emission rate, the net efficiency for the detection of fast ͑mainly Ͻ4 MeV) neutrons was estimated ͓11͔ to be ϳ6ϫ10 Ϫ4 . Figure 3͑b͒ displays time spectra of gamma and neutron signals with and without pulse shape discrimination ͑PSD͒. For PSD the discriminator settings were chosen to reject more than 95% of the gamma rays. As expected ͓9͔, the fractional counts associated with the gamma rays was found to be ϳ45% of the total counts in the time spectrum for the Pu-Be source. In addition, the LS detector was carefully calibrated with monoenergetic neutrons at the RPI LINAC, and these calibrations agreed very well with the in situ ORNL calibrations discussed above.
EXPERIMENTAL OBSERVATIONS FOR C 3 H 6 O AND C 3 D 6 O
We conducted experiments with standard acetone, C 3 H 6 O ͑100 atom% pure͒, and deuterated acetone, C 3 D 6 O ͑certified 99.92 atom% D-acetone͒, filtered before use through 1 m filters. Degassing and other aspects of the forcing pressure amplitude were kept the same as for the conditions reported FIG. 2 . ͑a͒ Schematic arrangement of test chamber and key components ͓Notes: ͑1͒ All dimensions are in cm; ͑2͒ acronyms: LS ͑liquid scintillation detector͒; PNG ͑pulse neutron generator͒; PMT ͑photomultiplier tube for SL detection͒; ͑3͒ borated shield blocks, furniture, etc. not shown͔. ͑b͒ Sample layout of electronic components for pulse-shape discrimination and time spectra data acquisition. ͑c͒ Time sequence of events. ͑ * ͒ Full width at half maximum; ͑ ** ͒ can continue for several cycles ͑to ϳ5 ms at 0°C). ͑d͒ Images of bubble cloud nucleation to collapse for tests with C 3 H 6 O (3°C). ͑Images taken at rate of 1000 frames per second and 1/2000 second shutter speed.͒ previously ͓1͔. The pressure amplitude at the acoustic pressure antinode in our test section was maintained at a nominal value of ϳϩ/Ϫ15 bar.
NEUTRON AND SL SPECTRA DATA ACQUISITION
We used well-established pulse shape discrimination ͑PSD͒ techniques in experiments with and without cavitation to check for neutron production and time correlations with SL emission data. Time spectra were obtained using 1000 channel MCS boards with 5 s dwell times, such that the neutron counts during PNG operation, which occur within the first 25 s after the trigger signal is transmitted to the PNG, are well separated from the signals during subsequent events all the way to 5000 s, which is just before the next PNG trigger pulse was transmitted. It was verified that, for identical settings without cavitation, the collective PNG neutron output of counts over 50 s duration was stable and varied by only ϳϩ/Ϫ1% from measurement to measurement. Time spectra data were collected and statistically significant counts were obtained. Representative neutron and SL time spectra are shown in Figs. 4 through 7. Figure 4 shows the MCS cumulative neutron count spectra vs time after the PNG fires for tests with C 3 D 6 O. These spectra were accumulated for 10 000 sweeps, each of 5 ms duration. Figure 4͑a͒ is with cavitation while Fig. 4͑b͒ is FIG. 3 . ͑a͒ LS detector pulse height spectra. ͑b͒ Time-spectra data with and without PSD for Pu-Be source, Co-60 monoenergetic gamma source, and background. For Pu-Be source the gamma ray fraction is ϳ40% of the total counts obtained.
without. It can be seen that excess neutrons were only detected when there were cavitation bubbles. It is interesting to note in Figs. 4͑a͒ and 7͑a͒ that there is a significant peak during the implosion associated with the first sonic cycle of period 52 s, which occurs about 20 s after the PNG neutrons emanate, and then there appears a time span of low neutron counts extending to channel ϳ100 (ϳ500 s) which is ϳ10 acoustic cycles. Starting at channel ϳ100 (500 s) the neutron counts start to grow significantly to a peak near channel ϳ180 (ϳ900 s) and then asymptotically decrease to a lower level around channel ϳ500 (2 500 s), reaching values about 10 times smaller FIG. 4 . ͑a͒ Time spectrum of neutron counts for tests with cavitation on (C 3 D 6 O at 0°C; PNG drive frequency ϳ200 Hz; acoustic forcing frequencyϭϳ19.3 kHz; time channel widthϭ5 s). ͑b͒ Time spectrum of neutron counts for tests with cavitation off (C 3 D 6 O at 0°C; PNG drive frequency ϳ200 Hz; PZT drive left on but frequency phase shifted to prevent cavitation; time channel widthϭ5 s). ͑c͒ Time spectrum of gamma ray counts for tests with cavitation on (C 3 D 6 O at 0°C; PNG drive frequency ϳ200 Hz; acoustic forcing frequencyϭ ϳ19.3 kHz; time channel width ϭ5 s). ͑d͒ Time spectrum of gamma ray counts for tests with cavitation off (C 3 D 6 O at 0°C; PNG drive frequency ϳ200 Hz; PZT drive left on but frequency phase shifted to prevent cavitation; time channel widthϭ5 s).
than in the peak channels. In comparison, the non-cavitation spectrum shown in Fig. 4͑b͒ , which was obtained by shifting the phase of the PZT driver, showed a peak lasting ϳ15 s from the PNG source neutrons followed by rapidly decreasing neutron counts to a relatively constant background level which persisted out to the end of the sweep at channel 1000 ͑5 ms͒. It should be noted that these data trends are consistent with previously reported experimental observations ͑www.rpi.edu/ϳlaheyr/SciencePaper.pdf͒.
We interpret the spectrum of Fig. 4͑a͒ as cavitationinduced neutron production from D-D reactions in the periodically imploding bubble cloud. On the other hand, the noncavitation spectrum of Fig. 4͑b͒ shows the PNG source neutron peak followed by a rapidly decaying counting rate to channel ϳ10 (ϳ50 s); this decaying count rate is attributed to neutron capture of the PNG source neutrons and possibly the ϳ5% of gamma rays which may also be counted when the LS detector is operated in the PSD mode. It is also worth noting that the counting rate in Fig. 4͑a͒ from channels ϳ500 to 1000 remains greater than the background counts in the corresponding region of Fig. 4͑b͒ ; we interpret this as a small amount of cavitation-induced neutrons from the periodically imploding bubble cloud.
Figures 4͑c͒ and 4͑d͒ present the corresponding time spectra for the cases of cavitation on and off with gating on gamma rays ͑i.e., we rejected the counts associated with neutrons͒. As noted therein, the emission spectra do not display the trends observed for neutrons and provide confidence that the spectrum presented in Figs. 4͑a͒ and 4͑b͒ are quite distinct and represent neutron emissions. The aspect of gamma ray counts with and without cavitation for deuterated and natural acetone is covered in greater detail in a later section.
As can be seen in Fig. 7͑a͒ , the increase of counts ͑at an overall rate of up to ϳ250 cps) starts about 30 s after PNG neutron emanation ͑i.e., during the initial implosion of the bubble cloud which was formed͒ and the cumulative number of counts, between a 30 s to 5000 s time span, was found to be comparable to the counts collected during PNG firing; these counts during bubble implosion varied from run to run between a factor of ϳ0.3 to ϳ1.5 times the total number of neutron counts that were measured for in ϳ15 s time bins corresponding to PNG firing, and, as such, they provide an additional useful benchmark for estimating the neutron emission rate due to bubble implosion in C 3 D 6 O. The counts during PNG neutron emission were essentially constant from run to run ͑i.e., well within 1 SD͒. Assuming Poisson statistics, the change in counts with cavitation that were recorded after PNG operation, for tests with chilled C 3 D 6 O, represents a very significant increase of more than 60 SD's ͓13͔ above background. Figures 5͑a͒ and 5͑b͒ show, respectively, the neutron count spectrum for the control liquid C 3 H 6 O with and without cavitation. These spectra are very similar to Fig. 4͑b͒ and show no evidence of cavitation-induced neutron production.
Figures 6 display representative results for the sonoluminescence ͑SL͒ emission spectrum using C 3 D 6 O; the spectrum for C 3 H 6 O was found to be similar. As expected, there were no significant SL emission signals unless cavitation bubble implosions took place. Interestingly, however, unlike in Fig. 4͑a͒ , there is not a large ''dead time'' evident in Fig.  6͑a͒ . This indicates that the implosions for the first ten or so acoustic cycles after the bubble cloud implosion were not energetic or numerous enough to induce significant DD fu- FIG. 5 . ͑a͒ Time spectrum of neutron counts for tests with cavitation on (C 3 H 6 O at 0°C; PNG drive frequency ϳ200 Hz; acoustic forcing frequencyϭϳ20.3 kHz; time channel widthϭ5 s). ͑b͒ Time spectrum of neutron counts for tests with cavitation off (C 3 H 6 O at 0°C; PNG drive frequency ϳ200 Hz; PZT drive left on but frequency phase shifted to prevent cavitation onset; time channel widthϭ5 s).
FIG. 6. ͑a͒
Typical SL time spectra with cavitation on (C 3 D 6 O at 0°C; PNG drive frequency ϳ200 Hz; acoustic forcing frequencyϭϳ19.3 kHz; time channel widthϭ5 s͒. ͑b͒ Typical SL time spectra with cavitation off (C 3 D 6 O at 0°C; PNG drive frequency ϳ200 Hz; PZT drive left on but frequency phase shifted to prevent cavitation; time channel widthϭ5 s).
sion, but were able to produce SL light flashes. A plot ͑for the first 100 s͒ of the results for neutron and SL activity is shown in Figs. 7͑a͒ and 7͑b͒ , respectively. The time correlation of the neutron and SL emissions is evident during the initial implosion of the bubble cloud. A composite plot of the raw neutron and SL data with cavitation off and cavitation on over the entire 5000 s sweep time is shown in Fig. 7͑c͒ . The strong time correlation between neutron and SL emis- FIG. 7 . ͑a͒ Change in neutron counts for chilled acetone with cavitation for the first 100 s ͑acetone at 0°C; PNG drive frequency ϳ200 Hz; acoustic forcing frequencyϭϳ19.3 kHz; error bars are 1 SD͒. ͑b͒ Corresponding change in SL counts for acetone for first 100 s. ͑c͒ Composite plots showing time correlation between neutron and SL counts over 5000 s for cases of cavitation off and cavitation on (C 3 D 6 O at ϳ0°C; PNG operation at 200 Hz͒. ͑d͒ Time correlation between neutron and SL counts between 0.5 and 2.0 msec. ͑Cavitation on-cavitation off; C 3 D 6 O at ϳ0°C; PNG operation at ϳ200 Hz.) ͑e͒ Variation of aggregate neutron and SL counts in peak and in-between peak regions between 0.5 and 2.0 msec. ͑Cavitation on-cavitation off; C 3 D 6 O at ϳ0°C; PNG operation at ϳ200 Hz. Neutron counts per channel in peak channels are about 50 times larger than for remaining channels; the corresponding SL counts per channel in peak channels are about 5 times larger.͒ sions is evident. This is also seen with binning in Figs. 7͑d͒ and 7͑e͒ that, in the time interval 0.5 ms to 2.0 ms, the SL emissions are also strongly time-correlated with neutron emissions, a result which indicates that D-D neutron emissions, subsequent to the initial neutron-induced bubble nucleation in chilled C 3 D 6 O, also occur during subsequent, sufficiently energetic, bubble cloud implosions. The binning process used is depicted in the accompanying table to Fig.  7͑d͒ . Figure 7͑e͒ displays an aggregate of all neutron counts in the two-channel bins corresponding to neutron peak ͑and corresponding SL counts͒ occurrence versus the channels in between the peaks. As is clearly seen, the aggregate counts per channel in the peak channels are very significantly greater ͑by factor of ϳ50) than for the channels in between the peaks. The corresponding SL counts are also higher by ϳ500%. In contrast, if the neutron pulses had been random they would be spread out over the total time duration with no such correlation being observed.
We also measured the energy ͑i.e., pulse height͒ spectra of the neutron counts with and without cavitation for experiments with C 3 H 6 O and C 3 D 6 O to determine the energy level of the neutrons that are emitted. Representative results, shown in Figs. 8͑a͒, 8͑b͒, and 8͑c͒, were taken with the Spectrum Techniques UCS-20™ MCA used in collecting the neutron counts. It should be noted that a statistically significant increase (Ͼ25-50 SD) in neutron emission occurred ͓14͔ only when there was cavitation and only when chilled C 3 D 6 O was the test liquid. In Fig. 8͑c͒ we see that such an increase of counts takes place sharply at and below the ϳ2.5 MeV PRE, indicating the emission of neutrons that are peaked in energy at ϳ2.5 MeV. No such change was noted in the higher energy channels, and none for conditions without cavitation, and also none for tests with the control liquid, C 3 H 6 O as seen from Fig. 8͑b͒ . The neutron emission rate from our MCS/MCA data acquisition system ͑which varied between ϳ60 and ϳ225 cps from run to run͒, when divided by the calibrated efficiency for fast (Ͻ4 MeV) neutron detection gives a net emission FIG. 7. ͑Continued͒. rate varying from ϳ(1 -4)ϫ10 5 n/s ͑at ϳ2.5 MeV), which, as will be discussed below, is well within experimental uncertainties for the inferred neutron emission rate of ϳ(3.5-5)ϫ10 5 n/s from the tritium data.
GAMMA RAY SPECTRA DATA D-D fusion neutrons generated by imploding cavitation bubbles immersed in liquid C 3 D 6 O can be expected to interact with the various surrounding materials and structures resulting in gamma ray emissions ͑principally from the capture of thermalized neutrons by hydrogen in the liquid scintillator and boron in the Pyrex glass test section͒. Therefore, to evaluate whether a measurable change in gamma ray emission could be detected, we conducted experiments with and without cavitation for chilled C 3 H 6 O and C 3 D 6 O, obtaining the time and energy spectrum of counts in both the gamma ray and neutron regions. The results, shown in Fig. 9 , indicate that for cavitation in chilled C 3 D 6 O the gamma ray counts increased. In various different runs, the increase of gamma ray counts varied from 10% to 20% of the increase in neutron counts. The increase of counts in the neutron region has been noted earlier to be Ͼ60 SD. The 10-20 % increase in counts in the gamma region time window amounts to a change of Ͼ10 SD which is also very statistically significant. This implies that some of the D-D neutrons emitted are captured by the experimental apparatus. No such change was noted for tests with C 3 H 6 O. Typical C 3 D 6 O gamma ray emission energy spectra with cavitation ͑less those without cavitation͒ are shown in Fig. 10 . It was found that the increase of gamma ray emissions was mainly (Ͼ80%) below 2.2 MeV ͑as would be expected from the capture of thermalized neutrons by hydrogen and the boron in the Pyrex glass test section͒. These results confirmed the accompaniment of Ͻ2.5 MeV neutrons with a statistically significant emission of gamma rays for cavitation experiments with C 3 D 6 O, but not for tests with the control liquid, C 3 H 6 O.
CONFIRMATORY TRITIUM EXPERIMENTS
Following the experimental procedures developed previously ͓1͔, additional tests ͓12͔ were conducted for seven hours to reconfirm ͓1͔ that a statistically significant quantity of tritium ͑T͒ was generated during cavitation in chilled FIG. 8 . ͑a͒ Changes in neutron counts below and above 2.5 MeV for tests with C 3 D 6 O and C 3 H 6 O at ϳ0°C with and without cavitation. ͑PNG drive frequencyϭ200 Hz. Acoustic drive frequenciesϭϳ19.3 kHz and ϭϳ20.3 kHz for C 3 D 6 O and C 3 H 6 O; error bars are 1 SD.͒ ͑b͒ Representative neutron gated counts below and above 2.5 MeV proton recoil edge ͑PRE͒ for tests with C 3 H 6 O at ϳ0°C with and without cavitation. ͑PNG drive frequency ϭ200 Hz. Acoustic drive frequenciesϭϳ20.3 kHz.) ͑c͒ Representative neutron gated counts below and above 2.5 MeV proton recoil edge ͑PRE͒ for tests with C 3 D 6 O at ϳ0°C with and without cavitation. ͑PNG drive frequencyϭ200 Hz. Acoustic drive frequencies ϭϳ19.3 kHz.) FIG. 9 . Changes in gamma ray and neutron counts for tests with C 3 D 6 O and C 3 H 6 O at ϳ0°C with and without cavitation. ͑PNG drive frequencyϭ200 Hz. Acoustic drive frequenciesϭϳ19.3 kHz and ϭϳ20.3 kHz for C 3 D 6 O and C 3 H 6 O; error bars are 1 SD.͒ C 3 D 6 O ͑i.e, at ϳ0°C). These tests were conducted with deuterated acetone in a newly fabricated test section, and they confirmed earlier findings ͓1͔, and indicated an increase ͑over background͒ in tritium counts in the range of 4.5 to 5.9 cpm ͓with a 1 standard deviation ͑SD͒ of about 3 cpm͔. This represents an individual difference of up to ϳ2 SD and a collective change of more than 3 SD. These data ͑i.e., tritium decay at 4.5 to 5.9 cpm͒ imply an average neutron production rate of between ϳ3ϫ10 5 n/s to ϳ5ϫ10 5 n/s, respectively. Testing in the new chamber with natural acetone (C 3 H 6 O) resulted in a change that was well within 1 SD ͑i.e., no statistically significant change was found͒, in agreement with previous findings ͓1͔. For reference, these new confirmatory data are shown together with past data ͓1͔ in Fig. 11 .
To check for possible chemical effects, tests were also conducted using a powerful acoustic horn ͓12͔ immersed into C 3 H 6 O, and separately into C 3 D 6 O, to evaluate whether cavitation of the type produced using conventional means would produce any statistically significant change in the readout for tritium content. The temperature of the acetone was maintained at ϳ0°C and an acoustic horn operating at an input power level of ϳ300 W was used to induce robust cavitation at 20 kHz. The results revealed a negligible change in counts in samples taken before and after cavitation, amounting to about 0.1 cpm ͑with 1 SDϭϳ3.5 cpm) for C 3 D 6 O, and about 1 cpm ͑with a 1 SDϭϳ2 cpm) for C 3 H 6 O. These changes are well within 1 standard deviation ͑SD͒, indicating negligible chemical effects contributing to scintillation activity in the 5 to 18 keV beta decay window characteristic of T decay. These data indicate that the effect of any chemical activity on tritium measurements during cavitation in our experiments is well below that caused by nuclear fusion between deuterium atoms. Therefore, cavitation with SL emanation from deuterated liquids by itself does not lead to an increase of T counts. Indeed, statistically significant quantities of tritium were found to be generated only when we conducted cavitation experiments following the experimental process outlined in Figs. 2 in chilled deuterated acetone (C 3 D 6 O); a finding which was also supported by hydrodynamic shock code simulations ͓1͔. Previously we had also conducted tests with cavitation at liquid temperatures of ϳ20°C and we did not find any statistically significant change in counts for C 3 D 6 O nor C 3 H 6 O ͓1͔. Finally, it should be noted that these findings were also supported by hydrodynamic shock code simulations ͓1͔.
SUMMARY AND CONCLUDING REMARKS
Large and statistically significant emissions of ϳ2.5 MeV and below neutrons were noted during cavitation experiments in chilled deuterated acetone. This neutron emission was well separated in time from the neutrons generated by the PNG ͑used to nucleate the cavitation bubbles͒ and was time correlated with SL light emissions during bubble implosion events. The neutron output during cavitation in chilled deuterated acetone was found to be between ϳ1ϫ10 5 n/s and ϳ4ϫ10 5 n/s. Statistically significant increases in tritium were also measured during cavitation of chilled C 3 D 6 O and the amount of tritium produced was consistent with the measured DD neutron emissions. Statistically significant gamma ray emissions were also measured in cavitation experiments with chilled C 3 D 6 O. No statistically significant change in neutron or gamma ray emissions and no significant tritium generation were observed when there was no cavitation in C 3 D 6 O and in control tests with C 3 H 6 O, both with and without cavitation.
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